
���������
	�	�����������������������������������

��� �"! # $%$'&)(+*-,.�0/�# 1324�3*)$657�3*+18,:94&+;<,:�31-�=; 9?>@# �A13*);
BC�"�3D�E 24&%FC�HG�,:&IG �8,:�3$%D�9?;=�A94; G 94$%�31J,.2 FK,:� �"13$%&+L%L6L'�H1J,:94&+;
MN&+$O*E *+$P,:9413#=2?*)$
,JFQER��&)MRS4G �HL'94$'�HG TU$%�3*+18,:94&+; V=; *+D��32 FW*A,JXY&-Z-L[,.�3E�$'�H*+18,:94&+;�,.� *-,7E=$'&@13�H�3G LC,.� $%&+# ()�
*]\^13&+D�EC&+# ;=G
;@# 1H2?�H*+$_LP,:*-,.�3`)a0b7;c�8dQ*+D�E 24�
94LWL%� &%XK;e94;gfO9?()# $'�ih+akjJ;l,:� �nm $%L[,iLP,:�HE VK*oE $'&qpr�318,:942?�tsu94D�E 9?;=(+�3Lv&+;�*w,:*)$'()�J,i;@# 1H2?�H# Lvxy,:&zMN&+$%D{*);g94;3,.�3$%D��3G 94*-,.�
\-1H&+D�EC&+# ; G=`�;@# 1H2?�H# L7|�}-V XK� �3$%��,:� ��}9?; G=9?1H*-,:�HLO,:�=*-,�,:�=��9?;H,.�3$%D��HG 94*-,:�;@# 1H2?�H# L<94L<9?;wL%&+D��Y�JdQ1H9 ,.�3GwL[,.*-,.�3a<jJ;
,:�=��L'�H13&); G
LP,:�3E=VU,:�=�K94;3,.�3$%D��3G 94*-,.�Y;~#=1324�3# L�G �31H*%F�L79?;H,:&I,.� ��m ;=*+2�$%�3*)1J,.9?&);vE=$'&@G # 18,:LI�*+; G��a��94$%�31J,�D��H*+L%# $%�3D��3;H,:L7&+MR,:� �K$'�H*+1J,.9?&);
s��x����0���k*)$'��94D�EC&+L%L%9?B 24��XK� �3;],:�=�7,.*+$%(+�8,cx�94LA�C�3$PFoL%� &+$P,rZ-2?9 �C�HG V_&+$�XK� �H;�,.� ��$'�H*+18,:94&+;t94LY94; � 94B 9 ,.�3GnBHFz*WLP,:$%&+;=(
� &+#=2?&)DKBtB=*+$%$'94�3$IBR�8,JX�H�3;ns�*+; G�x<aW5<�32494*+B 24�
1H*+2413# 24*-,.9?&); L&+MQ,:� �cs�gx��������k13$%&+L%LIL'�H1J,:94&+;n*+$%��,.&@&vG=9?��13#=2 ,XK� �H;
L%�J�C�H$'*)2�EC&+L%L'94B 24��G �31H*%F�1-�=*+; ; �H2?L
� *%�C�I,.&tBC�]1H&+; L%9?G=�3$%�3Gl�rjJ;oE *+$P,:9413# 24*+$%VAm L'L%94&+; V�XK� 941-��E 24*%FQL�*+;�94D�ER&)$[,.*+;H,W$%&+24��94;w,:� �
*+18,:94; 94G ��$'�H(+94&+; VO94;3,.$'&@G #=13�3L24*+$%(+�<,:� �H&+$%�J,:9413*)2O# ; 13�H$[,.*+94;H,:94�3L%�ra]��&%X�8�C�H$'V=XK� �3;],:�=��G=�3L%9?$%�3Gi$'�H*+1J,.9?&);tE $%&@13�H�3G L�,:�=$'&)# (+�i*
13&)D�ER&)# ; G�LP,:*^,:�3VO� �H$'��|�}^VO9 ,c9?LIEC&+L%L'94B 24��,:&WG �J,.�3$%D�9?; �<,:� ��$%�324�J� *+;H,
1H$'&)L'L�L'�H1J,:94&+;t9?; G=9?$%�318,:2 FlBHF�# L%9?;=(]*]1H&+D
B 9?;=*-,:94&+;�&)M
;@# 1324�3*)$�,.� �3&)$[Fg*+;=G��JdQEC�3$%9?D��3;H,.azb�13&+D�EC&+# ;=Go;@# 1324�3#=L
94L'V�BHFgG �Hm ; 9 ,:94&+; V<*t;~#=1324�3# L�94;�*+;��8dQ139 ,:�3Go�3>@# 942?94B $%*-,:�HG�LP,:*-,.�3a
b7LL%# 1-� VC,.� �
;@# 1H2?�H# L� *+LIS42?&)L[,c*+242OD��HD�&+$PFl&)M�9 ,:L� 94L[,.&+$PF�T4VC,:�=*-,c9?L%V_9 ,c94LI94; G �HER�H; G �H;3,�&)M�,:� ��MN&+$%D�*-,.9?&);tE $%&@13�3L%L%a�jJ;�,:� �
! # $%$%&+(+*^,:��D��J,.� &@G V�,:� ��1H&+D�EC&+# ; Gl;@# 1H2?�H# L
|�}�94L�E $%&@G # 13�HGlBHF�D��3*); L�&)MA*);�*+2 ,:�3$%; *^,:9 �C�c�:\^! # $%$'&)(+*^,:�3`)��$%�3*)1J,.9?&); V��=�3$%�
� �e�����_�g|�}^VCXK� �3$%�K��9?LI*]LP,:*)B 2?�7,:*)$'()�J,.aKjJ;H,:�H; L'9 ,:94�3L%VO�3; �H$'()9?�HL'V6*+;=G��3D�94L'L%9?&);�*+;=(+24�3LI&+MC,:�=�
G �H13*%FlE $%&~G=# 1J,.L�&)M0|�}
94;3,.&Y,.� �K1-� *); ; �H2?LI�_�g��*+; G�sI�gx��r*+;=G�&-,.� �3$%L'�7*+$%�",:� �H;tD��3*)L'#=$'�HG�9?;�1H&+94; 1394G �H; 13�"XK9 ,:��,:� �
&+#.,.(+&)9?; (]E *+$P,:941324�K�YMN$%&+D
,:�=�
94; 9 ,:94*+2_$%�3*+18,:94&+; a�fR$'&)D�,:� �HL'��D��3*+L%# $%�3D��3;H,.L'VR,:�=�
E $%&+B=*+B 942?9 ,:94�3LIMN&+$�,.� �
G=�313*%F�&)M0|�}
94;H,:&K,:� ��ER&)L'L%94B 2?���JdQ9 ,�1-�=*+; ; �H2?L
13*);iBC�cG �8,:�3$%D�9?;=�3G a���� �H;v,:� 94LY94; MN&+$%D�*-,:94&+;n94L�13&)DKB 94; �3G]XK9 ,:�W,:� �c1H*+2413# 24*-,.�3Gn13$%&+L%LL'�H1J,:94&+;=LYMN&+$A,:�=�cMN&+$%D�*^,:94&+;n&+M�,:� �
13&)D�ER&)# ; Gv;~#=1324�3# L�|�}�94;K,:� �G �HL'94$'�HGW$%�3*)1J,.9?&); Vq,.� �A,:&^,:*)2C1H$'&)L'LAL%�31J,.9?&);WMN&)$�,:� �G �HL'94$'�HG]$%�3*)1J,:94&+;W�'s"�uxg� ���z��A1H*+;vBR�
94; MN�3$%$'�HG a

Aa

“Desired” reaction

D

“Surrogate” reaction

d

b

B*

C

c

fOjJ¡Yah+¢g! 1-�=�3D�*-,.9?1i$'�HE $'�HL'�H;H,:*-,.9?&);e&+MA,.� �i!=# $'$%&+()*-,.��$'�H*+18,:94&+;eD��31-� *); 94L'D�a���� �n! # $%$'&)(+*-,.��*+E E=$'&)*+1-�e*+2424&%XKL]&+;=�c,:&
94; G 94$'�H1J,:2 FlG �J,.�3$%D�94; �A,.� �K1H$'&)L'L�L%�318,:94&+;wMN&+$<*Y,JX&^Z£LP,:�HEW$%�3*)1J,:94&+;�s��ex��¤|�}��¥�O�e��E $%&~1H�3�HG 9?;=(I,:� $%&+# ()�w*c13&+D�EC&+# ;=G
;@# 1324�3*)$]LP,:*^,:�i|�}-a¦jJ;�,.� �t! #=$'$%&+()*-,:�tD��8,:� &@G V�,:� �n13&)D�EC&+#=; Gg;@# 1324�3#=Lv|�}�94LWE=$'&@G # 1H�3GgBHF§D��3*); LW&)MY*+;e*)2 ,.�3$%; *-,.9 ���
�:\^! # $%$'&)(+*^,:�3`)�0$%�3*)1J,:94&+;=V�� �3$%� � �u�y� �6��|�}^VQ*+;=G�,.� �Y$'�H*+18,:94&+;]1H$'&)L'L"L%�318,:94&+;v9?L<&)B.,:*)9?;=�3GvB3Fn13&+D
B 94; 9?;=(7,.� �Y13*)2?1H# 24*-,:�HG
13$%&+L%L0L%�318,:94&+;�MN&)$Q,.� �IMN&+$%D�*^,:94&+;c&)M�|�}_XK9 ,:�Y,.� �7D��H*+L%# $'�HG�G �H13*%F�E $%&+B *)B 9?249 ,:94�3L0MN&)$Q,.� 94LALP,:*^,:�HaA���=�7! # $%$%&+(+*^,:�O,.�31-� ;=9?>@# ��9?L
E *)$[,.9?1H# 2?*)$'2 F��U*)2?#=*+B 24�OXK� �H;,:� �0,:*)$'()�J,�&)M�9?;H,.�3$%�3LP,:V�x<V�9?LAL%� &+$P,rZ-2?9 �C�HG�*+; G�*
L'#=9 ,.*+B 24�<! # $%$%&+(+*^,:�<$%�3*)1J,.9?&);�94;H�C&)2 �Q94; (�*�LP,:*)B 2?�
,:*)$'()�J,K��13*+;wBC�Y9?G=�3;H,:94m �3G=a

��� ��!=# $'$%&+()*-,.��$'�H*+18,:94&+; L69?G=�3*0X*)L�m $%LP,"�8d�E=2?&)$'�HG�BHF � $'*)D��H$�*); GK¨"$%9 ,',�© h-ªQ*); GKBHF]¨"$'9 ,r,�*+;=G���942?� �H2?D<Fn© «^ª¬V:XK9 ,:�7,:�=�A()&+*)2
,:&v94; MN�3$�r;=V?M8�Y1H$'&)L'L�L'�H1J,.9?&); LMN$'&)D�N,:V4E M8�Y*); Gt�¯®+���3V d�Mr�Y$'�H*+1J,.9?&); L%V�$%�3L%ER�H1J,.9 ���32 F~ac��� ��$'�HL'#=2 ,.LIMN$%&+D�,.� �3L%�
94; 9 ,:94*+2_*^,r,:�HD�E.,:L
G �HD�&); LP,:$%*-,:�HGc,.� �cMN�3*)L'94B 942?9 ,JFo*+; G]� *+24# ��&+MQ,:� ��! # $%$%&+(+*^,:��D��J,:�=&~G=V�*+2 ,:� &)# (+�],:�=�3$%�<XY�3$%�
LP,:94242�L'94(+;=9?m 1H*+;H,cG 9?L%*+()$'�H�3D��3;H,.L
BC�J,JXY�3�3;c,:� �
13$%&+L%L<L'�H1J,.9?&); L794; MN�3$%$%�3G�MN$%&+D�,:� �HL'�
$'�H*+18,:94&+; L<*); G�G 94$%�31J,��r; V4M8�IG *-,.*��NXK�=�3$%�KG *^,:*XY�3$%��*%� *+942?*)B 24�3�raKb�$%�313�H;H,
$%�3*+;=*+2 F�L%94L7BHF�°7&+# ;=�3L*+; Gi¨"$'9 ,r,t© ±-²C³£ª<&+M�,:� ���N,.V?E=M8�Y$'�H*+18,:94&+; LI9?;=13&+$%EC&+$%*-,:�HG�L'E=9?;i*+; GiE *+$%9 ,JF�G �HER�H; G �H; 13�HLY*+; G�*)1-� 94�J�C�HG
L%9?(); 9?m=13*+;H,.2 F�BC�J,r,.�3$*+()$'�H�3D��3;H,<XK9 ,:�],:�=�
G 94$%�31J,�D��3*+L%# $%�3D��3;H,.L'a���� �3L%��$'�HL'# 2 ,:LI942?24# LP,:$%*-,:�<,:� ��EC&-,.�3;H,:94*+26&+M�,.� ��! # $%$'&)(+*-,.�
D��J,.� &@Gl*+L"XY�32420*)L",:� �]; �3�HGlMN&+$�MN# $P,:�=�3$K94;H�C�HL[,.9?()*-,:94&+;=L'a�!=9?D�942?*)$'2 F~VAE $%�3249?D�94; *+$PFu$%�3L%# 2 ,:L�MN$%&+D´! # $%$'&)(+*-,.��D��H*+L%# $%�3D��3;H,:L
94;t,.� ��$%*+$%�W�H*+$P,:�o$%�3()9?&); V71H*+$%$'94�3Gz&+#.,tBHF�µ�a�¨"�3$%; L[,.�394;z�'/¶�I9 �Q94L'94&+; V�µ�µ�/7µ���·:¸K¹)º¼»§*^,c,:� ��µ�¨"µ¾½)½+`n1JFQ1324&-,.$'&);oL%� &%X
�3;=13&+#=$'*)(+94; (w*+(+$%�3�HD��3;H,XK9 ,.��13*)2?1H# 2?*^,:94&+; LYBHFe5<a0��&+¿CD�*+;l�r/À��9 �Q9?L%9?&); V"µ�µ�/7µ��K*+; G VA*-,K,:� ��L%*+D��I,.9?D��3V"942?24# LP,:$%*-,.�,:� �
; �H�3GwMN&+$�*�B $%&+*)G �3$%V�D�&)$'�$%9?()&+$%&+# L%VCL[,.# G.Fn&)MU,.� �YD��J,:�=&~G�© Á-ªJa

	��AÂ��A	��A����A�

© h-ª�Ã~a���a � $'*)D��H$�*+; Gv�7a � aQ¨"$'9 ,r,.V�/7# 1H2?a�! 1394a�*+; GwÄ�; (+a�ÅCÆCV�h)Ç+Ç��rh)È+Ç+É)�ra
© «-ª���a � aQ¨"$'9 ,r,�*); GwÃ)a�¨"a@��942?�=�324D�F~V�/7# 1H2?aQ!=1394aQ*+; GvÄ0;=(+a�ÊCËCV�«)«+«��rh+È)Ç+È)�ra



© ±-ª���a@°7&)# ; �HL�*+; Gw�7a � a�¨A$%9 ,r,:V�Ì0�HFQL'a�5<�8�Qa ��Í ÊCV�É)«+Î)Á+h+É
�r«)É+É+±)�ra
© Î-ª���a@°7&)# ; �HL�*+; Gw�7a � a�¨A$%9 ,r,:V�Ì0�HFQL'a�5<�8�Qa ��ÍCÏ V�É)±+Î)Á+h+É
�r«)É+É+±)�ra
© ³-ª���a�°7&)# ; �HL'V��7a � a�¨"$%9 ,',:VA*+; GnÃ~a�¨"a���9?24� �H2?D<F~VÐ�Ñ)·
Ò%®ÔÓ^ÕWÖ¯×=Ø Ù£Ú�Û:Ü8Ý+Þ£Þ�Þ£·%Û:¸àßNÝ+× V����H1-� a�5<�HE a�á � 5<µUZ-jJ��Z-h+³)«+Á)«+h+VOµ�µ�/7µ

�'«+É+É)±+�'â���a�°7&+#=; �3L
*+; Gl��a � a�¨A$%9 ,r,:V�ã�·HäU¸àÜ8Ý+×�å6Þ£Þ£ßNÝ+×uÝ-Ù7Ò%®Ôæ£ç Ò%®.Ó-ç Ò%®'è�éu¹)×=êvÒ'ëÔì-ç Ò'ë%®)í�äUîtÛHÜ8Ý)Þ£ÞcÞ%·£Û:¸¯ßNÝ)×=Þ£ØIßN×=¸à·%ï:Ü8¹)º0Û:Ü8Ý+Þ£Þ
Þ£·£ÛH¸àßNÝ+×RÞ£ØR¹)×=êÛHÜrÝ+Þ£Þ�Þ£·£ÛH¸àßNÝ+×RÞ_Ý+×�·Hð.Û:ßN¸¯·£êÞ£¸¯¹)¸¯·:Þ%V)�6�31-� a+5<�3E a)á � 5<µ Z£jJ�0Z-h+³+Î)«+É)Á+VÔµ�µ�/7µ��'«+É)É+±+�'aÔÌ0$%�3E $%94;3,.L�13*);IBC�_$%�J,:$%94�J�C�HG
MN$%&+Dk�H,',:E ¢4ñ+ñ^X�X�XKa?242?;=2?a4(+&%�Qñ+2494B $'*)$[FQñ

© Á-ª�µ�a�b7aQ¨"�3$%; LP,:�H9?;�·:¸0¹+ºò»óV�ô_Ý+Ü-õ�ßN×cö�Ü8Ý:ïHÜ8·:Þ£Þ


